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SUMMARY

During development, two cell types born from closely
related progenitor pools often express identical tran-
scriptional regulators despite their completely distinct
characteristics.Thisphenomenon implies theneed for
amechanism that operates to segregate the identities
of the two cell types throughout differentiation after
initial fate commitment. To understand this mecha-
nism, we investigated the fate specification of spinal
V2a interneurons, which share important develop-
mental genes with motor neurons (MNs). We demon-
strate that the paired homeodomain factor Chx10
functions as a critical determinant for V2a fate and is
required to consolidate V2a identity in postmitotic
neurons. Chx10 actively promotes V2a fate, down-
stream of the LIM-homeodomain factor Lhx3, while
concomitantly suppressing the MN developmental
program by preventing the MN-specific transcription
complex from binding and activating MN genes. This
dual activity enables Chx10 to effectively separate
the V2a and MN pathways. Our study uncovers a
widely applicable gene regulatory principle for segre-
gating related cell fates.

INTRODUCTION

During embryonic organogenesis, many cell types are born in a

spatially and temporally controlled manner to form a functional

tissue. One of the most fundamental questions in developmental

biology is how closely related cell types are produced from

similar progenitors and yet acquire and maintain completely

distinct cell identities during later stages of organogenesis.

This relatively poorly understood process involves intricate

gene regulatory networks that operate during sequential steps

of cell fate commitment, specification, and differentiation.

The gene regulatory networks for motor neurons (MNs) and

V2a interneurons (V2aINs) provide an ideal platform to address

this topic. The morphogen Sonic hedgehog (shh) is secreted

from the notochord and floor plate and patterns neuroepithelial

cells along the dorso-ventral axis, leading to the formation of

the two neighboring progenitor domains, the pMN and p2 do-

mains (Figure 1A) (Catela et al., 2015; Lee and Pfaff, 2001). Pro-

genitor cells in the pMN and p2 domains produce MNs and

V2aINs, respectively. While pMN cells upregulate the LIM-home-

odomain (HD) transcription factors Isl1 and Lhx3 right before dif-

ferentiation toMNs, p2 cells upregulate Lhx3, but not Isl1, shortly

before cell-cycle exit (Figure 1A) (Ericson et al., 1992; Pfaff et al.,

1996; Sharma et al., 1998; Tsuchida et al., 1994). Isl1 and Lhx3

form a hexameric complex with a self-dimerizing cofactor NLI,

herein referred to as the Isl1-Lhx3-complex (also known as the

MN-hexamer; Figure 1A) (Lee et al., 2008; Lee and Pfaff, 2003;

Seo et al., 2015; Thaler et al., 2002). The Isl1-Lhx3-complex

directly controls a wide range of MN genes and plays crucial

roles in the fate specification of MNs (Cho et al., 2014; Lee

et al., 2004, 2008, 2012, 2013; Lee and Pfaff, 2003; Mazzoni

et al., 2013; Thaler et al., 2002; Thiebes et al., 2015). The misex-

pression of Lhx3 alone drives formation of ectopic V2aINs

marked by Chx10 in the developing spinal cord (Tanabe et al.,

1998; Thaler et al., 2002). Lhx3 also binds to NLI and forms a

tetrameric complex herein referred to as Lhx3-complex (also

known as the V2-tetramer; Figure 1A) (Joshi et al., 2009; Thaler

et al., 2002). It has remained unclear whether the Lhx3-complex

directly induces the expression of an array of V2aIN genes, simi-

larly to the Isl1-Lhx3-complex, or whether it indirectly triggers

V2aIN fate by upregulating other transcription factors that serve

as its downstream effectors to induce V2a identity. The segrega-

tion of pMN and p2 domains is initiated by the cross-repressive

actions of two transcription factors, Olig2 and Irx3, in the progen-

itor cells (Lee and Pfaff, 2001; Lu et al., 2002; Novitch et al., 2001;

Zhou and Anderson, 2002). Interestingly, pMN cells and

newborn MNs maintain cell fate plasticity and can switch their

fate into V2aINs when the MN pathway is dysregulated (Arber

et al., 1999; Lee et al., 2008; Lu et al., 2002; Song et al., 2009;

Thaler et al., 1999; Zhou and Anderson, 2002). These results

strongly suggest that the mechanisms that separate MN and

V2aIN identities continue to operate even after the progenitor

cells are committed to MN or V2aIN fate. However, the precise

regulatory mechanisms that consolidate V2aIN fate after cell-cy-

cle exit have yet to be clarified.

While Lhx3 triggers the V2aIN fate specification, it is also ex-

pressed in MNs (Sharma et al., 1998; Tsuchida et al., 1994),

thus warranting additional mechanisms to block erroneous acti-

vation of MN genes in differentiating V2aINs. It is possible that
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